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(54) Force intensifying device 

(57) A driving meniber (15) of piston type has an 
upper side, on which an annular holder (28), upper and 
lower cams (31).(32). and a transmission sleeve (33) 
are arranged in order. An annular wedge space (35) is 
defined between the upper and lower cams (31) and 
(32). A plurality of wedging members (36) are inserted 
into the wedge space (35) as peripherally spaced apart 
at a predetermined distance. When the driving member 
(15) is driven upward, first a plurality of engaging balls 
(41) supported by the transmission sleeve (33) engage 
with a lower portion of a pull rod (1 2) and then a pushing 
surface (38) of the driving member (15) vertically sepa- 
rates thiB cams (31).(32) from each other through the 
wedging members (36). Thus the lower cam (32) drives 
the pull rod (12) downward through the transmission 
sleeve (33) and the engaging balls (41). 
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Description 

BACKGROUND OF THE INVENTION 

1. Technical Field ^ 

[0001] The present invention relates to a device for 
multiplicably converting an output of a pneumatic cylin- 
der or the like and transmitting the nrultiplicably con- 
verted output. 

2. Description of the Earlier Technology 

[0002] A mechanism utilizing a lever ratio of an arm 
has been generally known up to now as a multiplicably is 
converting transmission device of this type.* 
[0003] However, the conventional mechanism needs 
to secure a space for swinging the arm and therefore 
has a disadvantage of enlarging the transmission 
device. ^ 

SUMMARY OF THE INVENTION 

[0004] The present invention has an object to provide 
a novel transmission device for improving the disadvan- 2S 
tage. 

[0005] In order to acconplish the object, the present 
invention has constructed a transmission device in the 
following manner, for example, as shown in Figs. 1 and 
2. Fig. 3 or Figs. 4 and 5. so 
[0006] A housing 1 1 includes an annular driving mem- 
ber 15 to be moved in a direction of an axis, two cams 
31,32 opposing to each other in the axial direction and 
a driven rod 12, all of which are concentrically arranged 
in order from an exterior area. One cam 31 of the two 35 
cams 31.32 is connected to the housing 11 and the 
other cam 32 is connected to the driven rod 12. An 
annular wedge space 35 is delined between the two 
cams 31 and 32 so as to narrow toward the axi& The 
wedge space 35 has a plurality of wedging members 36 4o 
inserted thereinto as peripherally spaced apart at a pre- 
determined distance. An axial driving force acted on the 
driving member 1 5 is adjusted so as to be transmitted to 
the driven rod 12 through the wedging members 36 and 
the other cam 32. ^ 
[0007] The present invention functions in the following 
manner, for example, as shown in Figs. 2(A). 2(B], and 
2(C). 

[0008] In a condition of Rg. 2(A), the driving member 
1 5 has descended and the wedging menders 36 have so 
moved radially outwards to make the two cams 31.32 
vertically dose to each other. When the driving member 
15 is driven upward, the lower other cam 32 is con- 
nected to the driven rod 12 as shown in Rg. 2(B). Next, 
as shown in Rg. 2(C). the driving member (15) moves ss 
the wedging members 36 radially inwards (toward the 
axis) to thereby separate the two cams 31 . 32 from each 
other vertically and strongly by a wedging action of the 



wedging members 36. One cam 31 is received by an 
upper end wall 1 1 a of the housing 1 1 and the other cam 
32 strongly and downwardly drives the driven rod 12. 
[0009] As mentioned above, the present invention can 
multiplicably convert a driving force of the driving mem- 
ber by a wedging action and strongly transmit the multi- 
plicably converted force to the driven rod. Thus when 
conrpared with the above-mentioned multiplier mecha- 
nism of conventional structure, it need not secure a 
large space for swinging the arm and therefore can 
make the transmission device compact. 
[0010] In the case where the wedging member com- 
prises a ball, a roller or the like rolling member, it can be 
smoothly driven with a small frictional resistance, which 
results in enhancing a transn^'ssion efficiency. Further, if 
the wedging member is formed in the shape of a roller, 
it decreases an acting force per unit area to result in 
lengthening the life span of the transmission device. 
[0011] Further, a means for pushing the wedging 
members radially inwards has a simple and compact 
structure when It is formed from a pushing surface such 
as an inclined surface However, it may employ other 
kinds of mechanisms such as an eccentric transmission 
mechanism or a cam transmission mechanism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Rgs. 1 and 2 show a first embodiment of the 
present invention; 

Rg. 1 is a vertical sectional view of a clamping 
apparatus utilizing a transmission device of the 
present invention while it is undamped; 
Rg. 2(A) to Rg. 2(C) explain how the clamping 
apparatus of the first embodiment operates; 
Rg. 3 shows a second embodiment of the present 
invention and corresponds to Rg. 1 : 
Rgs. 4 and 5 show a third embodiment of the 
present invention; 
Rg. 4 corresponds to Rg. 1 ; 
Rg. 5(A) to Rg. 5(D) explain how the third embodi- 
ment operates; 

Rgs. 6(A) and 6(B) show a modification off a force 
multiplier provided in the transmission device of the 
present invention; 

Rg. 6(A) is an end view virhen seen along a line 6A- 
6A In a direction indicated by arrows in Fig. 6(B); 
Rg. 6(B) explains its operation. Its right half view 
shows a wedging member released from being 
pushed and its left half view illustrates the wedging 
member pushed; . 

Figs. 7(A) and 7(B) show another modification of 
tiie force multiplier; 

Rg. 7(A) is an end view when seen along a line 7A- 
7A in a direction indicated by arrows in Fig. 7(B); 
Rg. 7(B) explains its operation and corresponds to 
the left half view in Rg. 6(B): and 
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Fig. 7(C) is a sectional view showing still another 
modification of the wedging member. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[001 3] Fig. 1 and Figs. 2(A). 2(B) and 2(C) show a first 
embodiment and illustrate a clamping apparatus utiliz- 
ing a transmission de\^ice of the present invention. First, 
a structure of the clamping apparatus is explained by 
rel/ing on a vertical sectional view of Fig. 1 . 
[0014] A metal mold 2 is placed on an upper surface 
of a table 1 of a press machine. The metal mold 2 is 
adapted to be pulled and fixed by a plurality of clamping 
apparatuses 3. However, only one of the clamping 
apparatuses 3 is shown here. 
[0015] The clamping apparatus 3 comprises a hous- 
ing 11 , which is fixed to an urder surface of the taWe 1 
by a plurality of bolts 4 (here only one of them is shown). 
The metal mold 2 has a lower portion, to which a pull 
rod 12, namely a driven rod, is fixed in screw-thread 
engagement. The pull rod 12 is inserted into the hoik- 
ing 1 1 via a through hole 1 a of the table 1 . 
[001 6] The housing 1 1 has a guide tx)re 1 4, into which 
an annular driving member 15 is inserted vertically mov- 
aWy. The driving member 15 comprises a pneumatic 
piston 16, an output portion 1 7 projecting upwards from 
the piston 16 and a lower block 18 projecting down- 
wards from the pston 16. The piston 16 has an upper 
side on which an unclamping actuation chamber 20 is 
formed and a lower side on which a clamping actuation 
chamber 21 is provided. The clamping actuation cham- 
ber 21 attaches a spring 22 for holding damping condi- 
tion thereto. 

[0017] The lower block 18 has a below-mentioned 
detecting rod 24 fixed thereto. The detecting rod 24 
projects downwards from a lower end wall lib of the 
housing 11. 

[0018] The guide bore 14 has an upper portion. In 
which an annular holder 28. an annular cam space 29 
provided on a lower side of the holder 28, upper first and 
lower second cams 31.32 positioned in the cam space 

29. and an annular transmission sleeve 33 are aranged 
substantially coaxially with the driving member 15 in 
order from above. 

[001 9] An annular wedge space 35 is defined between 
the first cam 31 and the second cam 32 vertically 
opposing to each other so as to narrow radially inwards. 
The wedge space 35 has a plurality of wedging mem- 
bers 36 inserted thereinto as peripherally spaced apart 
at a predetermined distance. 
[0020] Although the wedging members 36 are shown 
to be balls here, they are preferably formed in the shape 
of rollers as shown in Rg. 6(A) or Rg. 7(A) to be men- 
tioned later. 

[0021 ] The output portion 1 7 has a cylindrical hole 1 7a 
provided with a tapered pushing surface 38 for moving 
the wedging members 36 radially inwards and wHh a 



releasing surface 39 for allowing them to move radially 
outwards, in order from below. The tapered pushing sur- 
face 38 is in continuity with the releasing surface 39. 
[0022] The transmission sleeve 33 radially movaWy 

5 supports a plurality of engaging balls (engaging mem- 
bers) 41 peripherally spaced apart at a predetermined 
distance. The transmission sleeve 33 is brought into 
butting contact with the second cam 32 by a pushing 
spring 42. An annular actuation member 44 is vertically 

10 movably inserted between the transmission sleeve 33 
and the cylindrical hole 17a of the output portion 17. 
The actuation member 44 is urged upward by an 
advancing spring 45. a resilient means, to be received 
by a return member 46 provided at the output portion 

75 17, 

[0023] The pull rod 12 has a lower portion vertically 
provided with a peripheral groove 48 and with an input 
portion 49. The engaging balls 41 project into the 
peripheral groove 48, and they engage with the input 

20 portion 49. 

[0024] A rod passage (P) into which the pull rod 1 2 is 
inserted, extends vertically long through the holder 28 
and the transmission sleeve 33 to open into an upper 
end wall 1 1 a. one end wall of the housing 1 1 . 

25 [0025] While a first aligning gap 51 is defined between 
a through hole 28a of the holder 28 and the pull rod 12, 
a second aligning gap 52 is provided between the cylin- 
drical hole 17a of the output portion 17 and the actua- 
tion member 44. Further, a third aligning gap 53 is 

30 formed between the through hole la of the table 1 and 
the pull rod 12. 

[0026] Rg. 1 and Rgs. 2(A), 2(B) and 2(C) explain 
how the clamping apparatus 3 operates. Fig. 2(A) 
shows an unclamping condition corresponding to Fig. 1 
35 and Rg. 2(B) does the pull rod 12 chucked by the 
engaging balls 41. Rg. 2(C) illustrates a clamping con- 
dition. 

[0027] When starting the metal mold 2 to descend 
toward the upper surface of the table 1. the clamping 
40 apparatus 3 is preliminarily switched over to the 
unclamping condition. 

[0028] More specifically, as shown in Fig. 1 (or Fig. 
2(A)). compressed air has been discharged from the 
clamping actuation chamber 21 and been supplied to 

45 the unclanping actuation chamber 20. thereby having 
lowered the driving member 15. 
[0029] Thus the return member 46 has lowered the 
actuation member 44 and the engaging balls 41 are 
made movable to a radially outward retreated position 

so (Y). Further, the wedging menfcers 36 have opposed to 
the releasing surface 39 and then have moved radially 
outwards. 

[0030] And when the metal mold 2 descends, if an 
axis of the rod passage (P) misaligns with that of the pull 
55 rod 12, the existence of the first aligning gap 51 
smoothly inserts the pull rod 12 into the through hole 
28a of the holder 28 and at the same time the existence 
of the second aligning gap 52 nrKsves the actuation 
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member 44 and the treinsmission sleeve 33 horizontally 
to thereby smoothly insert the pull rod 12 also into a 
through hole of the transmission sleeve 33. Thus the 
misalignment of the axes is automatically corrected with 
the result of receiving an under surface of the metal 
moid 2 by the upper surface of the table 1 . 
[0031 ] When switching over the unclamping condition 
of Fig. 2(A) to the clamping condition of Fig. 2{C), the 
compressed air is discharged from the unclamping 
actuation chamber 20 and is supplied to the clamping 
actuation chamber 21 . 

[0032] Then as shown in the chucking condition of Fig, 
2(B), the driving member 15 ascends by a stroke (a) 
and at the same time the advancing spring 45 raises the 
actuation member 44. Thus the actuation member 44 
pushes the engaging balls 41 to a projected position 
(X). These engaging balls 41 engage with the pull rod 
12. 

[0033] Subsequently, as shown in Fig. 2(C), when the 
driving member 15 further ascends by a stroke (0). the 
pushing surface 38 is pushing the wedging men(i>ers 36 
strongly and radially inwards to thereto vertically and 
strongly separate the first cam 31 from the second cam 
32 by a wedging action of the wedging members 36. 
And on being separated from each other, the first cam 
31 is received by the upper end wall 1 la of the housing 
1 1 through the holder 28 and on the other hand the sec- 
ond cam 32 strongly pushes down the transmission 
sleeve 33. Thus the engaging balls 41 supported by the 
transmission sleeve 33 strongly lower the input portion 
49 of the pull rod 12 and the pull rod 12 pulls and fixes 
the metal mold 2 to the table 1 . 
[0034] In other words, the first cam 31. the second 
cam 32, the wedging members 36 and the pushing sur- 
face 38 compose a force multiplier (M). The multiplier 
(M) multiplicaUy converts an upward driving force of the 
driving member 15 to a downward driving force of the 
transmission sleeve 33. 

[0035] In the clamping condition of Rg. 2(C). even if 
the clamping actuation chamber 21 has its pressure 
reduced or lost for some reason, the spring 22 for holing 
clamping condition can apply a large sliding resistance 
to the components of the multiplier (M) with its urging 
force to thereby hold the clamping condition assuredly. 
[0036] Character ( y ) in Fig. 2(C) indicates an extra 
stroke of the driving member 15. 
[0037] A sensor (not shown) is adapted to detect a 
height position of the detecting rod 24 vertically nnoving 
along with the driving member 15. It can be judged t>y 
an output signal of the sensor whether the clamping 
apparatus 3 is in the unclantping condition or in the 
clamping condition. 

[0038] When switching over the clamping condition of 
Rg. 2(C) to the unclamping condition of Fig. 2(A), it Is 
sufficient if the conpressed air is discharged from the 
clamping actuation chamber 21 and Is supplied to the 
unclamping actuation chamber 20. 
[0039] Thus, first as shown in Fig. 2(B). when the driv- 



ing member 15 goes down and the releasing surface 39 
opposes to the wedging members 36. the wedging 
members 36 are allowed to move radially outwards. 
Subsequently, the return member 46 Is moving the actu- 

5 ation member 44 downward relatively to the transmis- 
sion sleeve 33 inhibited from descending by the pushing 
spring 42. This renders the engaging balls 41 free as 
shown In the unclamping condition of Fig. 2(A) (here the 
engaging balls 41 are shown to have been already 

w changed over to the retreated position (Y)). 

[0040] Thereafter, the metal mold 2 is raised. Then the 
input portion 49 of the pull rod 12 retracts the engaging 
balls 41 to the retreated position (Y) and therefore the 
pull rod 12 is smoothly extracted from the rod passage 

15 (P). 

[0041] A VDore concrete structure of the force multi- 
plier (M) is explained below. 

[0042] The pushing surface 38 of the driving member 
1 5 Is inclined with respect to a vertical plane at an angle 

20 set to about 11 degrees. In other words, the pushing 
surface 38 has a cone angle of about 22 degrees. 
[0043] Each cam face of the cams 31 and 32 is 
inclined with respect to a horizontal plane at an angle 
set to about 22.5 degrees. In other words, the wedge 

25 space 35 has a wedge angle of about 45 degrees. 
[0044] The compressed air to be supplied to the 
clamping actuation chamber 21 has a pressure of 5 
kg/cm^ (about 0.49 MPa). At this time, the driving mem- 
ber 15 is adapted to produce an upward driving force of 

30 about 350 kgf (about 3400 N). Further, the spring 22 for 
holding clamping condition has an urging force set to 50 
kgf (about 490 N). 

[0045] When the damping apparatus 3 was clamped 
under the above conditions, the pull rod 1 2 had a fasten- 

35 ing force (here lowering force) of at least about 940 kgf 
(about 9200 N). At that time, even if an upward force of 
about 6000 kgf (about 59000 N) was acted on the metal 
moki 2, the clamping condition could be held. 
[0046] Accordingly, the first embodiment can afford a 

40 fastening force (about 940 kgf) which is about 2.35 
times a force (about 400 kgf) resultant from the driving 
force of the driving member 15 and the urging force of 
the spring 22 as well as a clamping condition holding 
force (about 6000 kgf) about 15 times the resultant 

4S force. 

[0047] Further, in the case where the compressed air 
was discharged from the danrping actuation chamber 
21 and the damping condition was held only by the urg- 
ing force of the spring 22. the damping condition hold- 
so ing force was at least about 750 kgf (about 7400 N). 
[0048] Although the indination angle of the pushing 
surface 38 was set to about 1 1 degrees, it is preferably 
within a range of about 5 degrees to about 15 degrees 
and more preferably within a range of about 8 degrees 
55 to about 12 degrees. 

[0049] The inclination angle of each cam face of the 
cams 31 and 32 was set to about 22.5 degrees. How- 
ever, it is preferably within a range of about 15 degrees 
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to about 30 degrees and more preferably within a range 
of about 20 degrees to about 25 degrees. 
[0050] Notably, it is possible to obtain a fastening force 
of about 1 .5 to 4 times and a clamping condition holding 
force of 10 times to substantially infinity by suitably 5 
selecting the respective inclination angles. 
[0051 } The first embodiment produces the following 
advantages. 

[0052] The pushing surface 38 and the releasing sur- 
face 39 are axially arranged side by side in the cylindri- 
cal hole 17a of the output portion 17 of the driving 
member 15. This arrangement makes it possible to 
operate the wedging members 36 by a simple structure 
and construct the transmission device compact. 
[0053] The releasing surface 39 and the pushing sur- 
face 38 are provided in order from above and the driving 
member 15 is upwardly driven to thereby drive the pull 
rod 12 downwardly. Thus it is possa)le to effectively uti- 
lize a space within a cylindrical hole of the driving mem- 
ber 15 and as a result make the transmission device 
compact. 

[0054] A means for connecting the second cam 32 to 
the pull rod 12 comprises the transmission sleeve 33. 
the engaging members 41 and the actuation member 
44. Therefore, a simple and compact construction can 
effect the connection and the disconnection. 
[0055] The two cams 31,32 and the transmission 
sleeve 33 are axially arranged in order and the actuation 
member 44 is inserted between the transmission sleeve 
33 and the cylindrical hole 1 7a of the output portion 1 7. 
Accordingly, the clamping apparatus can be made more 
compact by effectively utilizing the space within the 
cylindrical hole 17a. 

[0056] While Fig. 3 shows a second embodiment. 
Figs. 4 and 5 illustrate a third embodiment. These other 
embodiments are explained by. in principle, putting the 
same characters to the memt>ers having the same func- 
tions as those of the first embodiment. 
P)057] TTie second embodiment of Fig. 3 corresponds 
to Rg. 1 . When compared with the apparatus of Rg. 1 . 
it differs therefrom in an-anging the wedging members 
36 and the engaging balls 41 In a vertically opposite 
manner. 

[0058] More specifically, in this second embodiment 
the vertically elongated transmission sleeve 33 has an 
upper portion supporting the engaging balls 41 and a 
mid-height portion onto which the actuation member 44 
is externally fitted. The transmission sleeve 33 has a 
lower portion onto which the first and second cams 31, 
32 are externally fitted. The first cam 31 is received by 
the upper end wall 11a of the housing 11 through the 
holder 28 in the shape of a pipe. The advancing spring 
45 is attached between the first cam 31 and the actua- 
tion member 44. The actuation member 44 has a lower 
portion projecting out of a lower portion of the holder 28. 
The projecting portion 61 engages with the return mem- 
ber 46 of the driving member 15. 
[P059] Figs. 4 and 5 show the third embodiment. Rg. 



4 corresponds to Rg. 1 and illustrates the clamping 
apparatus while it is operating. Fig. 5(A) to Fig. 5(D) 
explain how the clanping apparatus operates. 
[0060] When compared with the apparatus of Fig. 1 , 
Fig. 4 shows the clamping apparatus 3 different there- 
from in that its housing 1 1 is provided with the pull rod 
12. which has a leading end supporting a plurality of 
engaging balls 41 and that the metal mold 2 has a lower 
portion fixing a mouthpiece 65 thereto in screw-thread 
engagement, which mouthpiece 65 is provided with a 
stepped hole 66. 

[0061 ] More specif ically, the pull rod 1 2 is inserted into 
the cylindrical hole 17a of the output portion 17 of the 
driving member 15 and is urged upward by a raising 
spring 67. The pull rod 12 has a cylindrical hole 68. into 
which an actuation rod 69 is inserted, and the actuation 
rod 69 is urged upward by a return spring 70. 
[0062] There is interposed between a lower portion of 
the pull rod 12 and the output portion 17, the same force 
multiplier (M) as that of the first embodiment. In this 
case, the first cam 31 is brought into direct butting con- 
tact with the upper end wall 11a of the housing 1 1 and 
the second cam 32 is brought into direct butting contact 
with the lower portion of the pull rod 12. 
[0063] The clamping apparatus 3 operates in the fol- 
lowing manner as shown in Fig. 5. 
[0064] In a retreated condition of Rg, 5(A), com- 
pressed air has been discharged from the clamping 
actuation chamber 21 and been supplied to the 
unclamping actuation chamber 20. Thus the driving 
member 1 5 has moved the pull rod 12 downwards of the 
upper surface of the table 1 through the both cams 
31 .32 and the wedging members 36 and a spring retain- 
ing plate 72 has lowered the actuation rod 69. 
[0065] When switching over the retreated condition of 
Rg. 5(A) to a danping condition of Rg. 5(D). the com- 
pressed air is discharged from the unclamping actuation 
chamber 20 and is supplied to the clamping actuation 
chamber 21. 

[0066] Then, first as shown in Rg. 5(B). the driving 
member 15 is raised and at the same time the pull rod 
1 2 and the actuation rod 69 go up by the respective urg- 
ing forces of the springs 67 and 70. As shown in Fig. 
5(B), when the driving member 15 rises by a stroke (S^) 
to have the first cam 31 received by the upper end wall 
11a of the housing 1 1, tiie pull rod 12 is inhibited from 
going up. 

[0067] Next, as shown in Rg. 5(C). when tiie driving 
member 15 and tiie actuation rod 69 further ascend by 
a stroke (S2) relatively to the pull rod 12 inhibited from 
going up. the engaging balls 41 at tiie leading end of the 
pull rod 12 are pushed to the projected position (X) by 
the actuation rod 69. 

[0068] Subsequently, as shown in Fig. 5(D). when tiie 
driving member 15 furttier ascends by a stroke (S3), the 
pushing surface 38 is strongly and radially pushing tiie 
wedging members 36 inwards. A wedging action of tiie 
wedging members 36 strongly and vertically separates 
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the first cam 31 from the second cam 32 to produce a 
separating force. The separating force strongly lowers 
the pull rod 12 by a stroke (S4). Thus the pull rod 12 
pulls and fixes the metal mold 2 to the table 1 through 
the engaging balls 41 . Character (S5) indicates an extra 5 
stroke. 

[0069] When switching over the clamping condition of 
Fig. 5{D) to the retreated condition of Fig. 5(A), it is suf- 
ficient if the corrpressed air is discharged from the 
clamping actuation chamber 21 and is supplied to the 10 
unclamping actuation chamber 20. 
[0070] Thus, first as shown in Fig. 5(C), when the driv- 
ing member 15 descends and the releasing surface 39 
opposes to the wedging members 36. the wedging 
members 36 are allowed to move radially outwards and is 
therefore the pull rod 12 ascends by the raising spring 
67. 

[0071] Subsequently, the spring retaining plate 72 of 
the driving member 15 lowers the actuation rod 69. 
thereby allowing the engaging balls 41 to move to the 20 
retreated position (Y) as shown in Fig. 5(B). Thereafter, 
the driving member 15 towers the pull rod 12 to thereby 
secure the retreated condition of Fig. 5(A). 
[0072] Rgs. 6(A) and 6(B) show a modif ication of the 
force multiplier (M). Fig. 6(A) is an end view when seen 
along a line 6A-6A in a direction indicated by arrows in 
Fig. 6(B). Fig. 6(B) explains its operation. Its right half 
view shows a wedging member 36 released from being 
pushed and its left half view illustrates the wedging 
member 36 pushed. 

[0073] The wedging member 36 comprises a circular 
surface portion 76 at its mid portion and spherical sur- 
face portions 77.77 at its opposite end portions. Further, 
an aligning spring 78 is attached between adjacent 
wedging members 36.36 and a return spring 79 is 
attached between the second cam 32 and the lower 
portion of the pull rod 12. 

[0074] The wedging members 36 of the roller type are 
brought into sibstantially even butting contact with the 
pushing surface 38 of the driving member 15. when 
conpared with the above-mentioned ones of ball type. 
Accordingly, they are pushed by the pushing surface 38 
with a largely reduced acting force per unit area to result 
in lengthening the life span of the force multiplier (M). 
[0075] The wedging member 36 of the roller type may 
comprise the spherical surface portion 77 in its entire 
outer peripheral surtece. 

[0076] Rgs. 7(A) and 7(B) show another modification 
of the force multiplier (M), which forms the wedging 
member 36 into another roller type. Rg. 7(A) is an end 
view when seen along a line 7A-7A in a direction indi- 
cated by an'ows in Fig. 7(B). Fig. 7(B) explains its oper- 
ation and corresponds to the left half view in Rg. 6(B). 
[0077] TTie modified wedging member 36 comprises a 
pin 81. a central roller 82 and end rollers 83.83. The 
central roller 82 has an outer peripheral surface con- 
caved in the shape of an arc at its mid portion. Thus the 
arc-shaped roller outer peripheral surface is brought 



into even butting contact with an inclined peripheral sur- 
face 84 of the second cam 32 in its entirety and there- 
fore the central roller 82 rolls with a small acting force 
per unit area. 

[0078] Each of the end rollers 83 comprises a circular 
surface portion 83a and a spherical surface portion 83b. 
The circular surface portion 83a is brought into butting 
contact with a lower plane 85 of the first cam 31 and 
rolls with a small acting force per unit area. The spheri- 
cal surface portion 83b is brought into even butting con- 
tact witii the tapered pushing surtece 38 of the driving 
member 15 and pushed with a small acting force per 
unit area. 

[0079] The wedging member 36 of the another roller 
type can widely reduce a frictional resistance caused at 
tiie time of clamp driving. Therefore, it can increase a 
clamping force and besides prevent contact portions 
from seizing to result in lengthening tiie life span of the 
force multiplier (M). 

[0080] Fig. 7(C) is a vertical sectional view showing 
still another modification of the wedging member 36. 
[0081 ] The further modified wedging member 36 com- 
prises a spherical surface portion 87. an upper tapered 
surface portion 88 and a lower tapered surface portion 
89. vtrhich are brought into butting contact with tiie 
tapered pushing surface, tiie first cam and the second 
cam, respectively 

[0082] The above-mentioned respective embodiments 
and nrx)dif ications may be further modified as follows. 
[0083] A working fluid for the driving member of piston 
type may be other kinds of gas or liquid such as pressu- 
rized oil instead of the compressed air. The driving 
mentber may utilize a motor or tiie like other kinds of 
actuators instead of fluid pressure. 
[0084] The engaging members may be formed in 
columnar, trust-conical or the like other shapes instead 
of balls. 

[0085] Each cam face of the first and second cams 
may be moderately curved instead of being linear when 
seen in section. This is the same to the pushing surface 
38. 

[0086] The clamping apparatus may fix a worKpiece or 
the like other kinds of objects to be f ixed, instead of the 
metal mold. Further, the object to be fixed may be fixed 
by one clamping apparatus instead of by a plurality of 
damping apparatuses. 

[0087] The object to be fixed may be connected to or 

disconnected from the clamping apparatus in a horizon- 
tal direction or an inclined direction instead of the illus- 
trated vertical direction. 

[0088] The multiplicably converting transmission 
device according to tiie present invention is suitably 
used for tiie clamping apparatus. But. of course, it can 
be employed for otiier kinds of apparatuses. 

Claims 

1 • A transmission device conprising: 
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a housing (11) having an axis, in which an 
annular driving meniber (1 5) to be moved in the 
axial direction, two cams (31),(32) opposing to 
each other in the axial direction, and a driven 
rod (12) are concentrically arranged in order 5 
from an exterior area; 

one cam (31) of the two cams (31).(32) being 
connected to the housing (11) and the other 
cam (32) being connected to the driven rod 
(12); 

an annular wedge space (35) being defined 
between the two cams (31) and (32) so as to 
narrow toward the axis; 

a plurality of wedging menrtbers (36) being 
inserted into the wedge space (35) as peripher- is 
ally spaced apart at a predetermined distance; 
and 

an axia! driving force acted on the driving mem- 
ber (15) being adjusted so as to be transmitted 
to the driven rod (12) through the wedging 20 
members (36) and the other cam (32). 



direction, the actuation member (44) being inserted 
between the transmission sleeve (33) and the cylin- 
drical hole (17a) of the output portion (17). 



2. A transmission device as set forth in claim 1, 
wherein the wedging members (36) are formed 
from rolling members, 25 

3. A transmission device as set forth in claim 2. 
wherein the driving member (15) is provided with an 
output portion (17) having a cylindrical hole (17a), 
the cylindrical hole (17a) having a pushing surface so 
(38) and a releasing surface (39) arranged side by 
side in the axial direction, the pushing surface (38) 
moving the wedging members (36) toward the axis 
and the releasing surface (39) allowing the wedging 
members (36) to move away from the axis. 35 

4. A transmission device as set forth in claim 3. 
wherein the releasing surface (39) and the pushing 
surface (38) are provided In ader from a first axial 
end to a second axial end, ^ 

the driven rod (12) being adapted to be driven 
toward the second axial end by driving the driv- 
ing member (1 5) toward the first axial end. 

45 

5. A transmission device as set forth In any one of 
claims 1 to 4. wherein a means for connecting the 
other cam (32) to the driven rod (12) comprises a 
transmission sleeve (33) connected to the other 
cam (32). a plurality of engaging menibers (41) so 
supported by the transmission sleeve (33) so as to 

be radially movable, and an actuation member (44) 
which engages these engaging members (41) with 
the driven rod (12). 

55 

6. A transmission device as set forth in claim 5, 
wherein the two can« (31).(32) and the transmis- 
sion sleeve (33) are arranged in order in the axial 
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